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ENCODER AND DECODER FOR MOVING PICTURE 

Background of the Invention 
Field of the Invention 

5 The present invention relates to an encoder and 

a decoder for moving picture, and more specifically 
to a hybrid-type moving picture coding system for 
performing a motion compensating process and an 
orthogonal transforming process for each block 
10 obtained by dividing an input image into a plurality 
of blocks. 

Description of the Related Art 

Since the volume of moving picture data is 
15 normally large, a coding process is performed to 
compress the data when it is transmitted from a 
transmission device to a reception device, or when it 
is stored in a storage device. 

FIG. 1 is a block diagram of a conventional 
20 encoder. FIG. 2 is a block diagram of a conventional 
decoder for decoding moving picture data coded by the 
encoder shown in FIG. 1. In this example, the hybrid 
coding system realized by combining a motion 
compensation inter- frame predicting process and an 
25 orthogonal transforming process is explained as 
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follows . 

An encoder 500 divides an input image into a 
plurality of blocks (each block comprises L rows x M 
columns) for each frame, and performs a coding process 
5 on each block. That is, the encoder 500 first 
generates a predicted image for each block, and 
computes difference data between the predicted image 
and an actually input image (target image). Then, it 
performs an orthogonal transforming process, a 

10 quantizing process, and an entropy coding process on 
the difference data, and outputs resultant data. At 
this time, a prediction parameter (a motion vector in 
this example) is also output. 

An orthogonal transform unit 501 orthogonally 

15 transforms given data. An orthogonal transforming 
process can be, for example, DCT (discrete cosine 
transform). A quantization unit 502 quantizes an 
output of the orthogonal transform unit 501. An 
inverse quantization unit 503, an inverse orthogonal 

20 transform unit 504, and a decoded image generation 
unit 505 are provided to generate an image which is 
the same as that to be regenerated by a decoder 600 
shown in FIG. 2. The image generated through these 
units is stored in a decoded image storage unit 506. 

25 A prediction parameter computation unit 507 
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computes a parameter (a motion vector in this example) 
for prediction of an image based on the image stored 
in the decoded image storage unit 506 and a newly 
input image, and determines whether an inter- frame 
5 coding process is to be performed, or an intra-frame 
coding process is to be performed. A predicted image 
generation unit 508 generates a predicted image based 
on the image stored in the decoded image storage unit 
506, and the motion vector computed by the prediction 

10 parameter computation unit 507. That is, based on an 
image in a frame at a timing, the predicted image 
generation unit 508 predicts an image in a frame at 
the next timing, and outputs the predicted image. The 
predicted image is to be generated also in a decoder. 

15 A selection unit 509 switches data to be selected 

at an instruction from the prediction parameter 
computation unit 507. The selection unit 509 selects 
an output of the predicted image generation unit 508 
when an inter-frame coding process is to be performed, 

20 and selects '0' when an intra-frame coding process is 
to be performed. 

A prediction error signal generation unit 510 
generates a signal indicating an error between an 
actually input image and an output of the selection 

25 unit 509. That is, the prediction error signal 
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generation unit 510 generates a signal indicating an 
error between a predicted image in the preceding frame 
and an input image when the inter- frame coding process 
is performed. On the other hand, when the intra- frame 
5 coding process is performed, since the output of the 
selection unit 509 is 0, the prediction error signal 
generation unit 510 outputs a signal indicating the 
input image as is. 

The output signal is a predicted error signal to 

10 be transmitted to a decoder. The predicted error 
signal is encoded by the orthogonal transform unit 
501, the quantization unit 502, and an entropy coding 
unit 511, and is then transmitted to the decoder 600. 
The motion vector obtained by the prediction parameter 

15 computation unit 507 is also transmitted to the 
decoder 600 . 

For each block, the decoder 600 decodes the coded 
data coded by the encoder 500. An entropy decoding 
unit 601 corresponds to the entropy coding unit 511. 

20 In addition, an inverse quantization unit 602, an 
inverse orthogonal transform unit 603, a decoded image 
generation unit 604, a decoded image storage unit 605, 
a predicted image generation unit 606, and a selection 
unit 607 are respectively the same as the inverse 

25 quantization unit 503, the inverse orthogonal 
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transform unit 504, the decoded image generation unit 
505, the decoded image storage unit 506, the predicted 
image generation unit 508, and the selection unit 509 
provided in the encoder 500. Therefore, an output of 
5 the decoded image generation unit 604 is an image to 
be regenerated. The predicted image generation unit 
606 generates a predicted image using a motion vector 
transmitted from the encoder 500. 

Thus, in the inter-frame prediction coding 

10 method, the prediction data for each block in a target 
frame is generated using the data in the previously 
transmitted frame, and the coding process is performed 
using the prediction data. Here, since the moving 
picture data has high correlativity in the time 

15 direction, an efficient compressing process can be 
realized using the above described prediction data. 
It is well-known that the compression rate by the 
inter- frame coding process is higher than that by the 
intra- frame coding process. Especially when moving 

20 picture data indicating a scene with a smaller change 
is coded, the effect of a highly efficient process is 
apparent . 

The above described inter- frame prediction coding 
method is adopted in the standard systems such as ITU- 
25 T H.261, ITU-T H.263, MPEG-1, MPEG-2, MPEG-4, etc. 
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The above described coding method can also be 
used in an environment in which transmission errors 
are easily generated as in the radio communications 
system. Therefore, the decoder 600 includes the 
5 function of concealing errors when it detects the 
errors . 

That is, when an error detection unit 608 detects 
an error, it notifies an error concealment unit 610 
of a block in which the error has been detected. On 

10 the other hand, an error concealment image generation 
unit 609 extracts an image in the corresponding block 
in the previous frame from the decoded image storage 
unit 605. When the error concealment unit 610 
receives the notification from the error detection 

15 unit 608, it replaces the image in the block in which 
the error has been detected with the image extracted 
by the error concealment image generation unit 609. 

Thus, when a transmission error occurs, the 
decoder 600 conceals the error using the data in the 

20 previous frame. 

However, when an error occurs in the initial 
frame (the first frame, or the leading frame) of 
moving picture, the above described concealing process 
cannot be performed because the decoder 600 does not 

25 have the 'data in the previous frame'. In this case. 



the decoder 600 cannot sufficiently conceal the error, 
and the regenerated image of the first frame contains 
a block discontinuous to the adjacent blocks as shown 
in FIG. 3. That is, the quality of the moving picture 
5 is considerably deteriorated. 

When image data in a frame is decoded in the 
inter-frame prediction coding process as described 
above, the image data in the previous frame is used. 
That is, the image data decoded at a given timing is 

10 used when the subsequent image data is decoded. 
Therefore, once an error has occurred in the inter- 
frame prediction coding process, the undesired 
influence of the error on the image quality is 
propagated to the subsequent frames. 

15 Therefore, when an error occurs in the first 

frame of moving picture and the error cannot be 
appropriately concealed in the conventional coding 
system, the undesired influence of the error on the 
quality of an image is propagated to the subsequent 

20 frames. That is, when an error occurs in the first 
frame, it takes a long time to obtain an acceptable 
image even if no errors occur in the subsequent 
frames . 

The above described problem does not occur only 
25 in the first frame of moving picture. For example, 
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assuming that an error occurs in a frame immediately 
after the moving picture has changed from a certain 
scene to quite a different scene, a similar problem 
occurs because the decoder does not contain effective 
5 'data in the previous frame' to conceal the error. 

Thus, if an error occurs in the first frame of 
moving picture or in a frame immediately after a scene 
changes into another scene in the conventional 
decoding system, it takes a long time to obtain an 
10 acceptable image . 

Summary of the Invention 

The present invention aims at providing an 
encoder and a decoder capable of immediately obtaining 

15 an excellent image even when a transmission error 
occurs in moving picture data. 

The encoder according to the present invention 
has the configuration in which an image in each frame 
of moving picture is divided into a plurality of 

20 blocks and a coding process is performed on each 
block. The encoder includes a coding unit for 
performing an intra- frame coding process or an inter- 
frame coding process on given data; and an information 
amount reduction unit for reducing the amount of 

25 information about given data. The intra- frame coding 
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process is performed by the coding unit on each block 
in a plurality of consecutive frames containing the 
first frame, and the information amount reduction unit 
reduces the amount of information about the data coded 
5 by the coding unit. The coding unit adaptively 
performs the intra- frame coding process or the inter- 
frame coding process on each block in the frames 
subsequent to the above described plurality of frames. 
With the configuration above, the intra- frame 

10 coding process is performed on a plurality of 
consecutive frames containing the first frame of the 
moving picture. The resultant information amount of 
the intra-frame coding process is normally larger than 
that of the inter- frame coding process. Therefore, 

15 the information amount reduction unit reduces the 
amount of information about data to be coded in the 
frame in which the intra-frame coding process is 
forcibly performed. For example, the information 
amount reduction unit reduces the amount of 

20 information per frame obtained in the intra-frame 
coding process down to the amount of information which 
would be obtained in the inter- frame coding process. 
As a result, even a frame on which the intra-frame 
coding process is forcibly performed does not require 

25 an increased amount of actually transmitted 



10 

information about data. 

In the above described encoder, a detection unit 
for detecting a discontinuous point in input moving 
picture can also be provided to perform the intra- 
5 frame coding process by the coding unit on each block 
in a plurality of consecutive frames containing a 
frame immediately after the discontinuous point is 
detected by the detection unit, and to reduce by the 
information amount reduction unit the amount of 

10 information about data to be coded by the coding unit. 
If the above described configuration is adopted, the 
operation performed on the first frame can also be 
performed on the frame immediately after a scene 
change in moving picture. 

15 The information amount reduction unit reduces the 

amount of information about data by, for example, 
reducing the spatial resolution of an image. 
Described below are examples of methods of reducing 
the spatial resolution of an image. (1) Only direct 

20 current elements in the frequency elements after the 
orthogonal transforming process are transmitted. (2) 
An input image is down- sampled . 

The encoder according to the present invention 
can include, in addition to the above described 

25 configuration, an information amount adjustment unit 
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for stepwise increasing the amount of information of 
each block from the state in which the amount of 
information is reduced by the information amount 
reduction unit. 
5 With this configuration, an image is smoothly 

changed when the period of the above described 
forcible intra-frame coding process is switched into 
the period of adaptively selecting the intra-frame 
coding process or the inter-frame coding process. 

10 The decoder for decoding the data coded by the 

encoder includes an error detection unit for detecting 
a transmission error for each block or for a plurality 
of blocks; and a concealment unit for, when the error 
detection unit detects an error in the first frame, 

15 concealing the error using an image of another block 
in the first frame, and for concealing the error using 
the image in the frame prior to the frame in which the 
error has been detected when the error has been 
detected in the subsequent frame. 

20 In the decoder, when an error is detected in a 

frame, the error is basically concealed using the 
image in the previous frame. The intra-frame coding 
process is performed in the image data in a plurality 
of consecutive frames containing the first frame. 

25 Therefore, in those plurality of frames, the influence 
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of an error is propagated to the subsequent frames 
only when the error continuously occurs in a block at 
the same position in each frame. However, there is 
a small possibility that an error continuously occurs 
5 in a block at the same position in each frame. 
Therefore, although an error occurs in the first 
frame, the deterioration of the quality of an image 
caused by the error can be quickly reduced in the 
subsequent frames. 

10 

Brief Description of the Drawings 

FIG. 1 is a block diagram of the conventional 
encoder ; 

FIG. 2 is a block diagram of the conventional 
15 decoder for decoding the moving picture data coded by 
the encoder shown in FIG. 1; 

FIG. 3 shows the problem with the conventional 
technology; 

FIG. 4 shows the configuration of the 
20 communications system in which the encoder and the 
decoder according to an embodiment of the present 
invention are used; 

FIG. 5 is a block diagram of the encoder 
according to an embodiment of the present invention; 
25 FIG. 6 shows an operation of the information 
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amount adjustment unit; 

FIG. 7 is a block diagram of the decoder for 
decoding the data coded by the encoder shown in FIG. 
5; 

5 FIG. 8 shows the concealing process performed 

when an error is detected in the first frame; 

FIG. 9 shows the concealing process performed 
when an error is detected in the second and subsequent 
frames ; 

10 FIG. 10 shows the effect according to an 

embodiment of the present invention; 

FIG. 11 shows a practical example of the encoder 
according to an embodiment of the present invention; 
FIG. 12 shows an example of the control signals 
15 used by the encoder; 

FIG. 13 shows an embodiment of the control 
circuit; 

FIG. 14 shows the output of a DCT; 
FIG. 15 shows the operation of the frequency 
20 control circuit; 

FIG. 16A shows an example of the method of 
realizing the frequency limit circuit; 

FIG. 16B shows the order of scanning the 8x8 
DCT coefficients; 
25 FIG. 17 shows a practical example of the decoder 
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according to an embodiment of the present invention; 

FIG. 18 shows an example of the control signal 
used by the decoder; 

FIG. 19 is a block diagram of the encoder 
5 according to another embodiment of the present 
invention; 

FIG. 20 is a block diagram of the encoder 
according to another embodiment of the present 
invention; 

10 FIG. 21 shows a practical embodiment of the 

encoder shown in FIG. 19 or FIG. 20; 

FIGS. 22A and 22B show examples of control 
signals used by the encoder; 

FIG. 23 shows a down-sampling method; 
15 FIG. 24 shows switching of scenes in moving 

picture; 

FIG. 25 is a block diagram of the encoder 
according to another embodiment of the present 
invention; 

20 FIG. 26 shows a practical example of the encoder 

shown in FIG. 25; and 

FIG. 27 is a block diagram of the decoder 
according to another embodiment of the present 
invention . 



25 
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Description of the Preferred Embodiments 

Embodiments of the present invention are 
described below by referring to the attached drawings. 
FIG. 4 shows the configuration of the 
5 communications system in which the encoder and the 
decoder according to an embodiment of the present 
invention are used. In this embodiment, moving 
picture data is transmitted from a terminal 10 to a 
terminal 20 . 

10 The terminal 10 comprises an encoder 11 for 

encoding moving picture data to be transmitted; a 
modulator 12 for modulating the coded data; and a 
transmitter 13 for transmitting the modulated data to 
a network. A modulation system is not limited, and 

15 a network can be either a public network or a private 
network such as a LAN. In addition, a transmission 
line can be a radio line, an optical fiber, or a 
metallic cable. On the other hand, the terminal 20 
comprises a receiver 21 for receiving a signal from 

20 a network; a demodulator 22 for demodulating a 
received signal; and a decoder 23 for decoding the 
demodulated data and regenerating an image. With the 
configuration, the encoder according to an embodiment 
of the present invention corresponds to the encoder 

25 11 provided in the terminal 10, and the decoder 
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according to an embodiment of the present invention 
corresponds to the decoder 23 provided in the terminal 
20. 

FIG. 5 is a block diagram of the encoder 
5 according to an embodiment of the present invention. 
In FIG. 5, unit numbers also shown in FIG. 1 indicate 
identical units. 

The basic configuration of an encoder 100 
according to an embodiment of the present invention 
10 is the same as the configuration of the encoder 500 
shown in FIG. 1. That is, the encoder 100 divides 
each frame image of moving picture into a plurality 
of blocks, and adapt ively performs the intra- frame 
coding process or the inter- frame coding process on 
15 each block. 

The encoder 100 can be realized by providing for 
the existing encoder 500 shown in FIG. 1 a frame 
number count unit 101, a selection unit 102, an 
information amount reduction unit 103, and an 
20 information amount adjustment unit 104. 

The frame number count unit 101 comprises a 
counter for counting the number of frames input to the 
encoder 100, or the number of frames coded by the 
encoder 100. The frame number count unit 101 starts 
25 counting frames from the initial frame (first frame 
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or leading frame). When it counts a predetermined 
number, it notifies the selection unit 102, the 
information amount reduction unit 103, and the 
information amount adjustment unit 104 of the counting 
5 result. 

The selection unit 102 selects the 'intra-frame 
coding process ' or the ' adaptive coding process ' 
according to the notification from the frame number 
count unit 101. Actually, before receiving the 

10 notification from the frame number count unit 101, the 
selection unit 102 selects '0' to perform the intra- 
frame coding process by the encoder 100. After 
receiving the notification, the selection unit 102 
selects the output of the selection unit 509 to 

15 perform the adaptive coding process by the encoder 
100. The 'adaptive coding process' is a process for 
determining a coding method (the intra-frame coding 
process or the inter- frame coding process) for each 
frame based on the image prediction error. 

20 With the configuration, the encoder 100 performs 

the intra-frame coding process on a predetermined 
number of consecutive frames containing the initial 
frame of moving picture, and then performs the 
adaptive coding process. 

25 When the adaptive coding process is performed, 
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the intra- frame coding process and the inter- frame 
coding process can be selectively performed. 
Therefore, the average amount of information per frame 
is smaller than in the period in which the intra- frame 
5 coding process is continuously performed. That is, 
in the period in which the intra- frame coding process 
is continuously performed, the average amount of 
information to be transmitted per frame is larger than 
in the period in which the adaptive coding process is 

10 performed. The encoder 100 forcibly performs the 
intra- frame coding process on a predetermined number 
of consecutive frames containing the initial frame of 
moving picture. Therefore, the encoder 100 is 
provided with the information amount reduction unit 

15 103 to avoid an increased amount of information about 
data to be transmitted when the transmission of image 
data is started. 

Upon receipt of the output data from the 
orthogonal transform unit 501, the information amount 

20 reduction unit 103 reduces the amount of information 
about the data as necessary. Practically, the 
information amount reduction unit 103 reduces the 
amount of information about data before receiving a 
notification from the frame number count unit 101, and 

25 stops the process of reducing the amount of 



19 

information about data after receiving the 
notification. That is, the information amount 
reduction unit 103 reduces the amount of information 
about output data only for the number of predetermined 

5 consecutive frames containing the first frame of 
moving picture. 

The data input to the information amount 
reduction unit 103 is image data (or predicted image 
error data). The information amount reduction unit 

10 103 reduces the amount of information about the input 
data by lowering the spatial resolution of the image. 
The method of lowering the spatial resolution of an 
image is described later. 

The information amount adjustment unit 104 

15 adjusts the amount of information about data to be 
output according to the notification from the frame 
number count unit 101. Practically, the information 
amount adjustment unit 104 does not function before 
it receives a notification from the frame number count 

20 unit 101, but stepwise increases the amount of 
information about data to be output from the state in 
which the amount of information is reduced by the 
information amount reduction unit 103 after receiving 
the notification. The information amount adjustment 

25 unit 104 adjusts the amount of information about data 
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by changing the spatial resolution of an image. 

Described below is the operation of the encoder 

100. The encoder 100 receives moving picture data for 

each frame. The encoder 100 codes image data for each 
5 block obtained by dividing an image of each frame into 

a plurality of blocks. The operation is described in 

the following order (1) through (3), where 1 < N < M. 

(1) First through (N-l)th frame: forcible intra- frame 

coding process and low resolution 
10 (2) N-th through M-th frame: intra- frame/inter- frame 

adaptive coding process, and stepwise increase of 

resolution 

(3) M-th and following frames: intra-f rame/ inter- 
frame adaptive coding process 

15 When the image data in the first frame of the 

moving picture data is input, the selection unit 102 
selects and outputs '0'. As a result, the prediction 
error signal generation unit 510 provides the input 
image data as is for the orthogonal transform unit 

20 501. That is, for the image data in the first frame, 
the intra- frame coding process is performed by the 
orthogonal transform unit 501 and the quantization 
unit 502. 

In this coding process, the information amount 
25 reduction unit 103 reduces the amount of information 
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about the data received from the orthogonal transform 
unit 501 by lowering the spatial resolution of an 
image. At this time, the information amount 

adjustment unit 104 does not function. 
5 The inverse quantization unit 503, the inverse 

orthogonal transform unit 504, and the decoded image 
generation unit 505 generates a decoded image to be 
obtained by the reception device. The decoded image 
is stored in the decoded image storage unit 506. That 

10 is, the decoded image in the first frame is stored in 
the decoded image storage unit 506. 

When the image data in the second frame is input, 
the selection unit 102 selects and outputs '0' as in 
the case where the image data in the first frame is 

15 input. As a result, the intra- frame coding process 
is performed on the image data in the second frame by 
the orthogonal transform unit 501 and the quantization 
unit 502. In addition, the information amount 
reduction unit 103 reduces the amount of information 

20 about given data as in the case where the image data 
in the first frame is input. 

When the image data in the second frame is input, 
the prediction parameter computation unit 507 computes 
the parameter (containing a motion vector) for 

25 prediction of a target image from the past image. 
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Practically, the prediction parameter computation unit 
507 computes a prediction parameter by comparing the 
decoded image in the first frame stored in the decoded 
image storage unit 506 with the newly input image in 
5 the second frame. The computation result is provided 
for the predicted image generation unit 508 and the 
selection unit 509, and is transmitted to the decoder. 

The predicted image generation unit 508 generates 
a predicted image in the second frame based on the 

10 decoded image in the first frame stored in the decoded 
image storage unit 506 and the prediction parameter 
provided from the prediction parameter computation 
unit 507. Then, the selection unit 509 selects and 
outputs the predicted image generation unit 508 or ' 0 ' 

15 based on the prediction parameter provided by the 
prediction parameter computation unit 507. However, 
when the image data in the second frame is input, the 
selection unit 102 selects ' 0 ' , thereby discarding the 
output of the selection unit 509 without using the 

20 output . 

Afterwards, the encoder 100 performs the process 
similar to the process performed when the image data 
in the second frame is input each time the image data 
in the third through the (N-l)th frames is input. 

25 That is, the intra-frame coding process is performed 
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on the image data in the first through the (N-l)th. 
At this time, the amount of information about data to 
be coded is reduced. 

When the image data in the N-th frame is input, 
5 the frame number count unit 101 notifies the selection 
unit 102, the information amount reduction unit 103, 
and the information amount adjustment unit 104 of the 
input . 

Upon receipt of the notification from the frame 
10 number count unit 101, the selection unit 102 selects 
the output of the selection unit 509. That is, when 
the image data in the N-th or subsequent frame is 
input, the predicted image generated by the predicted 
image generation unit 508 or '0' is adaptively 
15 selected and provided for the prediction error signal 
generation unit 510. The method of generating a 
predicted image is the same as the method used when 
the image data in the first through the (N-l)th frames 
is input . 

20 When '0' is input, the prediction error signal 

generation unit 510 outputs an input image as is. In 
this case, the orthogonal transform unit 501 and the 
quantization unit 502 perform the intra- frame coding 
process on the image data as on the image data in the 

25 first through the (N-l)th frames. On the other hand, 
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when a predicted image generated by the predicted 
image generation unit 508 is input, the prediction 
error signal generation unit 510 outputs an error 
between the input image and the predicted image. In 

5 this case, the orthogonal transform unit 501 and the 
quantization unit 502 perform the inter- frame coding 
process on the image data. Thus, when the image data 
in the N-th and the subsequent frames is input, the 
image data is coded in the method adaptively 

10 determined according to the prediction parameter 
computed by the prediction parameter computation unit 
507. 

Upon receipt of the notification from the frame 
number count unit 101, the information amount 

15 reduction unit 103 stops the process of reducing the 
amount of information abut data. On the other hand, 
upon receipt of the notification, the information 
amount adjustment unit 104 stepwise increases the 
amount of information about the data to be provided 

20 for the quantization unit 502 from the amount of 
information reduced by the information amount 
reduction unit 103 to the amount of information about 
the output data of the orthogonal transform unit 501 
until the M-th frame is input as shown in FIG. 6. 

25 Thus, the encoder 100 performs the intra- frame 
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coding process on the image data in the first through 
the (N-l)th frames of moving picture, and performs the 
adaptive coding process on the image data in the 
subsequent frames. The encoder 100 then outputs the 
5 coded data coded in the above described method, the 
information about the coding method (intra- frame 
coding process/inter-frame coding process), and a 
prediction parameter for each frame. The method of 
generating and transmitting the information about the 

10 coding method and the prediction parameter belongs to 
the conventional technology. Therefore, the detailed 
explanation is omitted here. 

FIG. 7 is a block diagram of the decoder for 
decoding the data coded by the encoder shown in FIG. 

15 5. The unit numbers shown in both FIGS. 7 and 2 
indicate identical units. 

A decoder 200 is realized by providing a frame 
number count unit 201 for the decoder 600 shown in 
FIG. 2, and replacing the error concealment image 

20 generation unit 609 provided in the decoder 600 with 
an error concealment image generation unit 202. 

The frame number count unit 201 counts the number 
of frames to be decoded by the decoder 200. 
Practically, the frame number count unit 201 counts 

25 frames starting with the first frame of moving 
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picture. When the count value reaches a predetermined 
value, it notifies the error concealment image 
generation unit 202 of the count result. 

According to the notification from the frame 
5 number count unit 201, the error concealment image 
generation unit 202 extracts an error concealment 
image from the decoded image storage unit 605 for each 
block when an error is detected, and provides it for 
the error concealment unit 610. The error detection 
10 unit 608 detects a transmission error for each block 
or in plural block units as a coding unit. The error 
detecting method can be based on an existing 
technology. 

According to an embodiment of the present 
15 invention, the frame number count unit 201 issues a 
notification to the error concealment image generation 
unit 202 when the image data in the second frame is 
input. Before receiving the notification, the error 
concealment image generation unit 202 extracts, for 
20 each block, image data in one or more blocks in the 
frame containing a target block and adjacent to the 
target block from the decoded image storage unit 605, 
and generates an error concealment image based on the 
extracted image data. After receiving the 

25 notification, the error concealment image generation 
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unit 202 extracts, for each block, image data in one 
or more blocks in the frame before the frame 
containing a target block and at the same position in 
a frame as the target block or in the vicinity of the 

5 position of the target block, and outputs the 
extracted image data as an error concealment image. 
The error concealment unit 610 conceals an error using 
an image provided by the error concealment image 
generation unit 202 . 

10 Described below is the operation of the decoder 

200 with the above described configuration. The 
information about coded data and a coding method 
(hereinafter referred to as coding method information) 
and a prediction parameter are input to the decoder 

15 200. The decoder 200 decodes the coded data for each 
block using the coding method information and the 
prediction parameter. 

When the image data in the first frame of moving 
picture is input, the entropy decoding process, the 

20 inverse quantizing process, and the inverse orthogonal 
transforming process are performed on the coded data, 
and the processed data is provided for the decoded 
image generation unit 604. In addition, the coding 
method information about the first frame is provided 

25 for the selection unit 607. Here, the intra- frame 
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coding process is performed by the encoder 100 on the 
image data in the first frame. In this case, the 
selection unit 607 selects ' 0 ' and provides it for the 
decoded image generation unit 604. Therefore, the 

5 decoded image generation unit 604 outputs the 
transform result obtained by the decoded image 
generation unit 604 as a regenerated image, and stores 
the image in the decoded image storage unit 605. 

The operation performed when the image data in 

10 the second through the (N-l)th frames is input is the 
same as the operation performed when the image data 
in the first frame is input. That is, since the 
intra- frame coding process is performed by the encoder 
100 on the image data in the second through the (N- 

15 l)th frame, the selection unit 607 selects '0' and 
provides it for the decoded image generation unit 604. 
Therefore, the decoded image generation unit 604 
generates the image in the corresponding frame without 
an influence of the past image. 

20 The image data in the N-th frame or subsequent 

frames is coded in the coding method adaptively 
selected by the encoder 100. The decoder 200 is 
informed which coding method is used by the encoder 
100 according to the coding method information. 

25 The selection unit 607 selects '0' when the 
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coding method information indicates the intra-frame 
coding process as in the case where the image data in 
the first through the (N-l)th frame is input. On the 
other hand, when the coding method information 
5 indicates the inter- frame coding process, the 
selection unit 607 selects a predicted image generated 
by the predicted image generation unit 606. The 
predicted image is generated based on the decoded 
image in the previous frame stored in the decoded 
10 image storage unit 605 and the prediction parameter 
provided by the encoder 100 . 

When the selection unit 607 selects a predicted 
image, the decoded image generation unit 604 generates 
a regenerated image by combining the output of the 
15 inverse orthogonal transform unit 603 with the 
predicted image. 

Described below is the error concealing operation 
when an error occurs. The error concealment image 
generation unit 202 generates an image for concealment 
20 of an error for each block, and provides it for the 
error concealment unit 610. 

When the first frame of moving picture is input, 
the error concealment image generation unit 202 first 
extracts the image data in one or more blocks adjacent 
25 to a target block in the frame containing the target 
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block from the decoded image storage unit 605. For 
example, as shown in FIG. 8, when a block B43 is a 
target block, the error concealment image generation 
unit 202 extracts the image data in the blocks B33, 

5 B34, and B42 from the decoded image storage unit 605. 
The image data is coded/decoded in the order of blocks 
Bll, B12, B13, B21, B22, B23, and so forth. That 

is, when the block B43 is decoded, the blocks Bll 
thorough B42 have already been decoded and stored in 

10 the decoded image storage unit 605. The error 
concealment image generation unit 202 generates an 
error concealment image for a target block based on 
the extracted image data in one or more blocks. 

When an error is detected by the error detection 

15 unit 608, a block containing the error is reported to 
the error concealment unit 610. Upon receipt of 
report, the error concealment unit 610 replaces the 
image data generated by the decoded image generation 
unit 604 with an error concealment image generated by 

20 the error concealment image generation unit 202 . 
Thus, the error in the target block is concealed. 

On the other hand, when the second or the 
subsequent frames of the moving picture are input, the 
error concealment image generation unit 202 extracts, 

25 for each block, the image data in the block, in the 
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frame precedent to the frame containing the target 
block, at the same position in the frame as the target 
block (or in the vicinal blocks). For example, as 
shown in FIG. 9, when the block B43 is a target block, 
5 the error concealment image generation unit 202 
extracts the image data in the block B43 in the 
previous frame stored in the decoded image storage 
unit 605. When an error is detected by the error 
detection unit 608, the error concealment unit 610 
10 replaces the image data generated by the decoded image 
generation unit 604 with the error concealment image 
generated by the error concealment image generation 
unit 202. 

As described above, when an error is detected in 
15 the first frame, the decoder according to an 
embodiment of the present invention conceals the error 
using the image data in another block in the first 
frame, and conceals an error using the image data in 
the previous frame when the error is detected in the 
20 subsequent frames. 

FIG. 10 shows the effect of an embodiment of the 
present invention. In this example, it is assumed 
that the communications environment is not good, and 
errors frequently occur. 
25 When an error occurs in the first frame, the 
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error is concealed by the error concealment unit 610. 
However, since the error occurring in the first frame 
is concealed using the image data in another block in 
the same frame, there is a possibility that an image 
5 in the target block is not serial with images in 
surrounding blocks. 

Then, the second frame is decoded. In this step, 
it is assumed that no errors have occurred in the 
second frame. 

10 Since the intra- frame coding process is performed 

on the image data in the second frame, the decoded 
image in the second frame is not affected by the past 
frames. That is, there arises no influence of an 
error occurring in the first frame on the decoded 

15 image in the second frame. 

Then, the third frame is decoded. In this step, 
it is assumed that an error has occurred in the third 
frame. 

In this case, the error concealment unit 610 
20 extracts the image data in the corresponding block in 
the second frame, and replaces the image data in the 
block in which an error has been detected in the third 
frame with the extracted image data. If the image in 
the second frame is similar to the image in the third 
25 frame, then the image in the target block which would 
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be obtained if an error did not occur in the third 
frame should be similar to the corresponding image 
extracted from the decoded image storage unit 605. 
Therefore, in this case, after the concealing process, 

5 the image in the third frame is good without an 
erroneous condition. The decoded image storage unit 
605 stores the image with the error concealed. 

Afterwards, the fourth frame is decoded. In this 
step, it is assumed that an error has occurred in the 

10 fourth frame. 

In this case, the error concealment unit 610 
conceals the error using the image data in the 
corresponding block in the third frame. Here, the 
image in the third frame stored in the decoded image 

15 storage unit 605 contains the influence of the error. 

However, if the block in which the error has occurred 
in the third frame is different from the block in 
which the error has occurred in the fourth frame, then 
the image for concealment of the error occurring in 

20 the fourth frame does not contain the influence of the 
error. Therefore, after the error concealing process, 
the image in the fourth frame is as good as the image 
in the third frame without any erroneous condition. 

If errors continuously occur in the blocks at the 

25 same positions in the consecutive frames, the 
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influence of the errors is propagated to the 
subsequent frames. However, there is the smallest 
possibility that such an erroneous condition occurs. 
As describe above, in the system including the 

5 encoder and the decoder according to an embodiment of 
the present invention, the intra- frame coding process 
is performed on a plurality of consecutive frames 
containing the first frame of moving picture, and the 
image in the previous frame is used in the error 

10 concealing process on the second and subsequent frames 
in the decoder. As a result, although an error has 
occurred in the first frame, the error can be 
sufficiently concealed, and the influence of the error 
is not propagated to the subsequent frames. 

15 FIG. 11 shows a practical example of the encoder 

according to an embodiment of the present invention. 
An input image is in a CIF (common intermediate 
format ) . Since the configuration and the operation 
of the conventional technology have been already 

20 described above, they are omitted here. 

A control signal generation circuit 111 generates 
control signals 1 through 3 shown in FIG. 12 according 
to the number of frames counted by a frame number 
counter 112. That is, the control signal generation 

25 circuit 111 generates an ' intra-f rame ' signal as a 
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control signal 1 for each of the first through the (N- 
l)th frames, and generates an 'adaptive' signal for 
the subsequent frames. The control signal 1 indicates 
which is to be performed, the intra- frame coding 
process or the adaptive coding process. The control 
signal generation circuit 111 generates an 'limited' 
signal as a control signal 2 for each of the first 
through the M-th frames, and generates a 'no limit' 
signal for the subsequent frames. The control signal 
2 indicates whether or not the AC element is limited 
for the output of the DCT. Furthermore, the control 
signal generation circuit 111 generates a '1' signal 
as a control signal 3 for each of the first through 
the N-th frames, and sequentially generates '2' 
through T 8' signals for each of the (N+l)th through 
the M-th frames. The control signal 3 is effective 
only when the control signal 2 is 'limited', and 
indicates the range of the frequency elements to be 
transmitted. 

FIG. 13 shows an embodiment of the control signal 
generation circuit 111. Memory (ROM) 301 stores the 
information shown in FIG. 12. The control signals 1 
through 3 are 1-bit or plural-bit information, and are 
stored using addresses as keys uniquely determined for 
the count value of the frame number counter 112. 
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In addition, when the count value is larger than 
M + 1, the control signals 1 through 3 are the same 
as those in the case where the count value is 'M+l'. 
Therefore, a limiter 302 is provided, and when the 

5 count value is larger than 'M+l', the value is 
transformed into 'M+l'. 

Back in FIG. 11, a switch 113 selects '0' or 
predicted image according to the control signal 1. 
That is, the switch 113 selects '0' when the control 

10 signal 1 indicates ' intra- frame ' , and selects a 
predicted image when the signal indicates ' adaptive ' . 
When the switch 113 selects '0', the intra-frame 
coding process is performed, and when it selects a 
predicted image, the adaptive coding process is 

15 performed. This method is basically the same as the 
method described above by referring to FIG. 5. 

A switch 114 selects an output of a DCT 115 or 
an output of a frequency limit circuit 116 according 
to the control signal 2. That is, the switch 114 

20 selects an output of the frequency limit circuit 116 
when the control signal 2 indicates 'limited', and 
selects an output of the DCT 115 when the signal 
indicates 'no limit'. 

The DCT 115 performs a DCT operation on 8x8 pixel 

25 image data. The output of the DCT 115 comprises a 
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coefficient obtained for each frequency element. As 
it is well-known, a coefficient A is a coefficient of 
a direct current element. 

The frequency limit circuit 116 corresponds to 
5 the information amount reduction unit 103 and the 
information amount adjustment unit 104 shown in FIG. 
5, and removes a predetermined frequency element from 
the output of the DCT 115 according to the control 
signal 3 . 

10 FIG. 15 shows the operation of the frequency 

limit circuit 116. In this step, a frequency element 
to be transmitted is indicated by a mark "§", and a 
frequency element not to be transmitted is indicated 
by a mark "0" . 

15 When the control signal 3 indicates ' 1 ' , the 

frequency limit circuit 116 outputs only a coefficient 
of a direct current element in the coefficients 
obtained from the DCT 115. In this case, the 
coefficients other than the direct current element can 

20 be replaced with, for example, '0'. If the control 
signal 3 indicates '2', the frequency limit circuit 
116 outputs only four coefficients of lower 
frequencies in the coefficients obtained from the DCT 
115. Similarly, the frequency limit circuit 116 

25 sequentially outputs a predetermined number of 
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coefficients in order from the lowest frequency. In 
this case, a coefficient which is not output is 
replaced with T 0'. 

FIG. 16A shows an example of a method for 
5 realizing a frequency limit circuit. The 8x8 DCT 
coefficients are input in the order shown in FIG. 16B 
and provided for a switch 311. The switch 311 is 
controlled according to the information stored in 
memory (ROM) 312. 

10 The memory 312 stores the information for 

realizing each operation shown in FIG. 15 using the 
value (1 through 8) of the control signal 3 as a key. 
For example, the memory 312 stores '1000...' for 
transmission of only the coefficients of direct 

15 current elements for ' the control signal 3=1'. In 
addition, for the 'control signal 3=2', the memory 
312 stores '11101000. . . . ' for transmission of only the 
coefficients represented as ' 0 ' , 1 1 ' , ' 2 ' , and ' 4 ' 
shown in FIG. 16B. Thus, the memory 312 stores the 

20 information indicating whether or not each of 64 
coefficients is to be transmitted. A counter 313 
generates a signal for sequentially reading 
information in a bit unit from the memory 312, when 
the control signal 3 is received. 

25 The switch 311 selects coefficient data of the 
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DCT when it receives '1' from the memory 312, and 
selects '0' when it receives '0'. Thus, only 
predetermined coefficients are transmitted, and the 
other coefficients are replaced with '0'. 
5 Described below is the operation of the encoder. 

During the period in which the count value of the 
frame number counter 112 is 1 through N-l, the control 
signal 1 indicates ' intra- frame ' . In addition, the 
control signal 2 indicates 'limited', and the control 

10 signal 3 indicates '1'. Therefore, the intra-frame 
coding process is forcibly performed on the first N-l 
consecutive frames immediately after the start of the 
communications. In addition, the spatial resolution 
of an image is lowered by transmitting only the direct 

15 current elements DCT coefficients. 

In the period in which the count value of the 
frame number counter 112 is N through M, the control 
signal 1 is switched into 'adaptive', the adaptive 
coding process is performed. On the other hand, the 

20 control signal 2 remains 'limited', and the control 
signal 3 increases by 1 for each of the frames '2' 
through '8'. Therefore, the higher limit of the 
frequency of the AC element of a DCT coefficient 
stepwise increases. 

25 Thus, the encoder according to an embodiment of 
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the present invention performs the intra- frame coding 
process on a plurality of consecutive frames 
containing the first frame of moving picture. This 
causes the amount of information about data to be 
5 transmitted to be increased. However, since the AC 
elements of an output of the DCT is removed for the 
above described plural frames, and only the direct 
current element is transmitted, the amount of 
information of the data to be transmitted is reduced. 

10 That is, although the intra-frame coding process is 
performed on a plurality of consecutive frames 
containing the first frame, the amount of information 
about the data to be actually transmitted does not 
increase. Therefore, no transmission delay is caused 

15 by introducing the method according to an embodiment 
of the present invention. 

When an image data coding method is switched from 
a forcible intra-frame coding process to an adaptive 
coding process, the resolution of an image is stepwise 

20 raised, thereby smoothly changing a regenerated image. 

FIG. 17 shows a practical embodiment of the 
decoder according to an embodiment of the present 
invention. Since the configuration and the operation 
of the conventional technology have been described 

25 above by referring to FIG. 7, the detailed explanation 
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is omitted here. 

The decoder 200 decodes the data coded by the 
encoder 100. The amount of information about the 
image data in a predetermined number of consecutive 
5 frames containing the first frame is reduced as shown 
in FIG. 15. That is, the decoder 200 decodes the 
coded data whose amount of information has been 
reduced by the frequency limit circuit 116. 

However, the format of the coded data whose 
10 amount of information has been reduced by the 
frequency limit circuit 116 is the same as the format 
of common image data although the spatial resolution 
of an image is lower. Therefore, the decoder 200 can 
decode the image data in the same method as for common 
15 image data. In other words, the decoder 200 can 
decode the data encoded by the encoder 100 without 
providing new function with the conventional decoder. 

A control signal generation circuit 211 generates 
a control signal shown in FIG. 18 according to the 
20 number of frames counted by a frame number counter 
212. That is, the control signal generation circuit 
211 generates a 'generating a concealment image from 
the current image' signal as a control signal for the 
first frame, and generates a 'generating a concealment 
25 image from the previous image 1 signal as a control 
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signal for the subsequent frames. When the control 
signal indicates 'generating a concealment image from 
the current image, ' a switch 213 selects an image 
generated by a concealment image generator 214. When 
the control signal indicates 'generating a concealment 
image from the previous image, ' the switch 213 selects 
an image generated by a concealment image generator 
215. 

The concealment image generator 214 generates a 
concealment image from the image data in the current 
frame stored in frame memory 216. This method has 
been described above by referring to FIG. 8. The 
frame memory 216 corresponds to the decoded image 
storage unit 605 shown in FIG. 7, and stores an image 
generated by the decoded image generation unit 604 (or 
an image obtained after an error has been concealed 
by the error concealment unit 610). On the other 
hand, the concealment image generator 215 generates 
a concealment image from the image data in the 
previous frame stored in the frame memory 216. The 
method has already been described above by referring 
to FIG. 9. 

Therefore, when the first frame is input, a 
concealment image generated from the decoded image in 
the first frame is provided for the error concealment 
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unit 610. Afterwards, a concealment image generated 
from the image data in the frame immediately before 
the current frame is provided for the error 
concealment unit 610. Then, the error concealment 
unit 610 conceals an error using the provided 
concealment image when the error is detected. 

FIG. 19 is a block diagram of the encoder 
according to another embodiment of the present 
invention. In the encoder shown in FIG. 5, the 
information amount reduction unit 103 is provided in 
the stage after the orthogonal transform unit 501. 
However, in the encoder shown in FIG. 19, an 
information amount reduction unit 121 is provided in 
the stage before the orthogonal transform unit 501. 
By providing the information amount reduction unit 
121, an information amount increase unit 122 is 
provided at the stage after the inverse orthogonal 
transform unit 504. The information amount reduction 
unit 121 and the information amount increase unit 122 
basically perform opposite processes to each other. 
The operations of the information amount reduction 
unit 121 and the information amount increase unit 122 
are described later. 

FIG. 20 is a block diagram of the encoder 
according to a further embodiment of the present 
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invention. The encoder has a configuration obtained 
by combining the configuration shown in FIG. 11 and 
the configuration shown in FIG. 19, and comprises two 
information amount reduction units 103 and 121. 

5 FIG. 21 shows a practical embodiment of the 

encoder shown in FIG. 19 or 20. The encoder receives 
16 x 16 pixel image data. Since the configuration and 
the operation of the conventional technology have been 
described above by referring to FIG. 5, the detailed 

10 explanation is omitted here. 

A control signal generator 131 generates control 
signals 1 through 4 shown in FIG. 22A or 22B according 
to the number of frames counted by the frame number 
counter 112. When the control signals shown in FIG. 

15 22A is generated, the encoder shown in FIG. 19 is 
realized. When the control signals shown in FIG. 22B 
is generated, the encoder shown in FIG. 20 is 
realized. 

The control signals 1 through 3 are the same as 
20 the signals used in the encoder shown in FIG. 11. 

However, when the encoder shown in FIG. 19 is 
realized, the control signal 3 is not used for the 
first through the (N-l)th frames. When the control 
signal 3 is not used, the frequency limit circuit 116 
25 provides the output of the DCT 115 as is for the 
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quantization unit 502. 

The control signal 4 indicates whether or not a 
down-sampling process and a corresponding up-sampling 
process are to be performed. The control signal 
5 generation 131 generates a 'sampling' signal as the 
control signal 4 for each of the first through the (N- 
l)th frames, and generates a 'no sampling' signal for 
the subsequent frames . 

When the control signal 4 indicates ' sampling ' , 

10 a switch 132 selects an output of a down-sampling 
circuit 133. When the control signal 4 indicates 'no 
sampling', it selects an output of the prediction 
error signal generation unit 510. That is, the 
encoder shown in FIG. 21 performs a down-sampling 

15 process on the image data in each of the first through 
the (N-l)th frames. Similarly, upon receipt of a 
'sampling' signal as a control signal 4, the switch 
134 selects an output of an up-sampling circuit 135. 
Upon receipt of a 'no sampling' signal, it selects an 

20 output of the IDCT. 

16 x 16 pixel image data is input to the down- 
sampling circuit 133. The down-sampling circuit 133 
is a low-pass filter, and performs the down-sampling 
process on the image data. The down-sampling process 

25 refers to a process of reducing the number of pixels. 
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In this embodiment, the number of pixels is reduced 
into half in the horizontal and vertical directions. 
That is, upon receipt of 16 x 16 pixel image data, the 
down-sampling circuit 133 generates 8x8 pixel image 
data in the down-sampling process, and outputs the 
data. 

FIG. 23 shows the down-sampling process. The 
down-sampling circuit 133 generates one piece of pixel 
data from four pieces of input pixel data. The method 
of generating each piece of pixel data is shown in 
FIG. 23. 

The up-sampling circuit 135 basically performs 
a process opposite to the process performed by the 
down-sampling circuit 133. That is, the up-sampling 
circuit 135 performs an interpolation filter process. 
Practically, the up-sampling circuit 135 generates 16 
x 16 pixel image data from 8x8 pixel image data. 

Thus, the encoder shown in FIG. 21 performs the 
down- sampling process on the image data in each of the 
first through the (N-l)th frames so that the spatial 
resolution of the image can be lowered, when the 
control signal shown in FIG. 22A is used. Thus, the 
amount of information about the data to be transmitted 
is reduced. Since the number of pixels is decreased 
to 1/4 in the above described embodiment, the amount 
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of information about the data to be transmitted is 
reduced approximately to 1/4. 

Furthermore, when the control signal shown in 
FIG. 22B is used, the encoder performs not only the 
5 down-sampling process but frequency limitation of a 
DCT coefficient on the image data in each of the first 
through the (N-l)th frames. Thus, the amount of 
information about the data to be transmitted is 
furthermore decreased in these frames . 

10 The decoder for decoding data coded by the 

encoder shown in FIG. 21 is realized by, for example, 
providing the up-sampling circuit 135 at the stage 
after the IDCT (inverse orthogonal transform unit) 603 
in the decoder shown in FIG. 17. 

15 The configuration in the above described 

embodiment is designed to solve the problem that a 
good image cannot be obtained in a short time after 
an error occurs in the first frame of moving picture. 
However, the similar problem can occur after a scene 

20 is switched into another scene in the moving picture. 

Described below is the moving picture coding system 
capable of obtaining a good image within a short time 
after an error occurs immediately after a scene is 
switched into another scene in the moving picture. 

25 Moving picture normally contains a plurality of 
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scenes. In each scene, images are smoothly changed 
continuously. However, when a scene is switched into 
another scene, the image changes discontinuously . For 
example, in the example shown in FIG. 24, a scene is 
5 switched into another scene between the n-th frame and 
the (n+l)th frame. 

Here, when a transmission error, etc. occurs in 
a frame, the moving picture decoder conceals the error 
using the image in the frame immediately before the 

10 current frame as described above by referring to FIG. 

9 or 10. However, when an error occurs in a frame 
immediately after a moving picture scene is switched 
into another scene, the error cannot be concealed 
using the image in the previous frame. For example, 

15 when an error occurs in the (n+l)th frame shown in 
FIG. 24, the image in the (n+l)th frame is 
outstandingly deteriorated if the error is concealed 
using the image in the previous frame (the n-th 
frame ) . 

20 FIG. 25 is a block diagram of the encoder for 

solving the above described problem. An encoder 400 
can be realized by providing a correlation measurement 
unit 401 for the encoder shown in FIG. 5. 

The correlation measurement unit 401 detects a 

25 discontinuous point in moving picture by checking the 
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correlation between the image in the current frame and 
the image in the frame immediately before the current 
frame. That is, the correlation measurement unit 401 
determines whether or not a scene of moving picture 
5 has been switched into another scene. Here, the image 
in the target frame is image data to be input to the 
encoder 400. On the other hand, the image in the 
frame immediately before the target frame is extracted 
from the decoded image storage unit 506. When the 

10 correlation value between the images of the two frames 
is smaller than a predetermined value, then the 
correlation measurement unit 401 assumes that a scene 
has been switched into another scene in the moving 
picture, and provides a reset signal for the frame 

15 number count unit 101. 

The frame number count unit 101 comprises a 
counter for counting the number of frames to be input 
to the encoder 400 . When a reset signal is received 
from the correlation measurement unit 401, the counter 

20 is reset, and the count value becomes 0. When the 
count value of the counter becomes 0, the frame number 
count unit 101 recognizes that the current frame is 
the first frame. Therefore, when a reset signal is 
received from the correlation measurement unit 401, 

25 the frame number count unit 101 performs an operation 
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similar to the operation performed when the first 
frame is input to the encoder 100 in Fig. 5. That is, 
when a reset signal is received from the correlation 
measurement unit 401, the frame number count unit 101 
5 controls the selection unit 102, the information 
amount reduction unit 103, and the information amount 
adjustment unit 104 as in the case where the first 
frame is input. 

The operation of the encoder 100 shown in FIG. 

10 5 is described above. That is, the intra- frame coding 
process is forcibly performed on the N consecutive 
frames containing the first frame, and the amount of 
information about the data to be transmitted is 
reduced. Then, on the subsequent frames, the intra- 

15 frame coding process or the inter-frame coding process 
is adaptively selected and performed. 

Therefore, when a scene in moving picture is 
switched into another scene in the encoder 400, the 
intra- frame coding process is forcibly performed on 

20 N consecutive frames containing the frame immediately 
after the frame in which the scene has been switched, 
and the amount of information about the data to be 
transmitted is reduced. Then, on the subsequent 
frames, the intra-frame coding process or the inter- 

25 frame coding process is adaptively selected and 
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performed. 

Thus, in the encoder 400, the intra- frame coding 
process is forcibly performed on a plurality of frames 
containing a frame in which a scene of moving picture 
5 has been switched into another scene. Therefore, at 
least the frame after the frame in which a scene of 
moving picture has been switched into another scene 
is coded in the intra-f rame coding process. 
Accordingly, if an error occurs in the frame 

10 immediately after the frame in which a scene of moving 
picture has been switched into another scene, the 
influence of the error is not propagated to the next 
frame. That is, the deterioration of the quality of 
an image caused by the error is not propagated to the 

15 subsequent frames, thereby obtaining a good image 
within a short time. 

FIG. 26 shows a practical embodiment of the 
encoder 400 shown in FIG. 25. The encoder is based 
on the configuration shown in FIG. 11. The 

20 correlation measurement unit 401 shown in FIG. 25 is 
realized by an inter-frame correlation calculator 411 
and a comparator 412. 

The inter-frame correlation calculator 411 checks 
the correlation between an image in a frame and an 

25 image in the previous frame. Practically, for 
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example, the corresponding pixels in the two images 
are compared with each other pixel by pixel, and the 
number of matched pixels is counted to check the 
correlation. The inter- frame correlation calculator 
5 411 can check the correlation in a frame unit or in 
a block unit. 

The comparator 412 compares a predetermined 
threshold with an output of the inter-frame 
correlation calculator 411. When the value (number 

10 of matched pixels) counted by the inter-frame 
correlation calculator 411 is smaller than the 
threshold, the comparator 412 assumes that a scene in 
the moving picture has been switched into another 
scene, and outputs a reset signal. On the other hand, 

15 when the value counted by the inter- frame correlation 
calculator 411 is larger than the threshold, the 
comparator 412 assumes that the scene has not been 
switched into another scene, and does not issue a 
reset signal . 

20 When the inter-frame correlation calculator 411 

checks the correlation for each block, the comparator 
412 compares the output of the inter-frame correlation 
calculator 411 with the threshold for each block. In 
this case, the comparator 412 outputs a reset signal 

25 when, for example, the value counted by the inter- 
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frame correlation calculator 411 is smaller than the 
threshold for more than n blocks. 

As described above, when the encoder 400 is 
provided with the correlation measurement unit 401 
5 (the inter- frame correlation calculator 411, the 
comparator 412), the corresponding function can be 
provided in the decoder. That is, as shown in FIG. 
27, a decoder 450 can be provided with a correlation 
measurement unit 451 so that a reset signal for 

10 resetting the frame number counter 212 can be 
generated when a scene is switched into another scene 
in moving picture. In this case, the correlation 
measurement unit 451 checks the correlation between 
the image data output from the decoded image 

15 generation unit 604 and the image data stored in the 
frame memory 216, and generates a reset signal when 
the correlation value is lower than a predetermined 
value. 

When the reset signal is generated, the control 
20 signal generation circuit 211 provides a signal for 
selecting an output of the concealment image generator 
214 for the switch 213. Therefore, if an error occurs 
in a block in the frame immediately after the frame 
in which a scene of moving picture has been switched 
25 into another scene, then the error concealment unit 
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610 conceals the error using the image in another 
block in that frame. It is assumed that the image 
obtained in the above described error concealing 
process looks more natural than the image obtained by 
5 concealing the error using the image obtained before 
switching a scene. 

In the embodiment described by referring to FIGS. 
5 through 27, the amount of information about data to 
be transmitted is reduced by lowering the spatial 

10 resolution of an image. However, the present 
invention is not limited to this method, but the 
amount of information can be reduced in other methods. 
For example, the quantizing step in the quantizing 
process can be changed. That is, for example, in the 

15 system for assigning 8 bits to each pixel in a normal 
operation, only 4 bits can be assigned to each pixel 
when the communications start. 

In the above described embodiment, the amount of 
information about data to be transmitted in a 

20 plurality of consecutive frames containing the first 
frame is reduced, but the present invention is not 
limited to this method. For example, since the intra- 
frame coding process is performed on the image data 
in the first frame in the conventional encoder, the 

25 amount of information does not increase as compared 



55 

with the conventional system even without reducing the 
amount of information to be transmitted for the first 
frame, thereby causing no further transmission delay. 

Furthermore, it is not necessary to reduce the 
amount of information about data to be transmitted for 
all frames in which the intra- frame coding process is 
forcibly performed. That is, among the frames in 
which the intra- frame coding process is forcibly 
performed, the amount of information can be reduced 
for the necessary number of frames to avoid the 
transmission delay. In other words, the present 
invention is applied to a method of reducing the 
amount of information in one or more frames in a 
plurality of frames among which the intra- frame coding 
process is forcibly performed when the communications 
start . 

The above described configuration can be easily 
realized by changing the control signal 2 in the 
encoder shown in FIG. 11 or 21. 

Furthermore, the above described embodiment is 
based on the system for transmitting image data, but 
the present invention is not limited to this 
configuration, but can be applied, for example, to a 
device for storing image data. 

According to the present invention, although a 
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transmission error has occurred immediately after a 
scene has been switched into another scene in moving 
picture or at the start of communicating moving 
picture data, a good and natural image can be 
regenerated in a short time. The effect is 

outstanding in an environment, such as a radio 
communications system, in which a transmission error 
frequently occurs . 
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What is claimed is: 



A moving picture encoder, which divides an image 
in each frame of moving picture into a plurality of 
blocks and performs an encoding process on each block, 
comprising: 

a coding unit performing an intra-frame coding 
process or an inter-frame coding process on given 
data; and 

an information amount reduction unit reducing an 
amount of information about given data, wherein 

for a plurality of consecutive frames containing 
a first frame, said coding unit performs the intra- 
frame coding process on each block, and said 
information amount reduction unit reduces an amount 
of information about data coded by said coding unit; 
and 

for frames subsequent to the plurality of frames, 
said coding unit adaptively performs the intra-frame 
coding process or the inter- frame coding process on 
each block. 

A moving picture encoder, which divides an image 
in each frame of moving picture into a plurality of 
blocks and performs an encoding process on each block, 
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comprising: 

a coding unit performing an intra- frame coding 
process or an inter- frame coding process on given 
data; 

5 an information amount reduction unit reducing an 

amount of information about given data; and 

a detection unit detecting a discontinuous point 
in input moving picture, wherein 

for a plurality of consecutive frames containing 
10 a frame immediately after said detection unit detects 
the discontinuous point, said coding unit performs the 
intra- frame coding process on each block, and said 
information amount reduction unit reduces an amount 
of information about data coded by said coding unit; 
15 and 

for frames subsequent to the plurality of frames, 
said coding unit adapt ively performs the intra- frame 
coding process or the inter- frame coding process on 
each block. 

20 

3. The encoder according to claim 1, wherein 

said information amount reduction unit reduces 
the amount of information in each block by lowering 
spatial resolution of an image in the plurality of 
25 frames. 
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4. The encoder according to claim 1, further 
comprising 

an information amount adjustment unit stepwise 
increasing an amount of information in each block for 
5 frames subsequent to the plurality of frames from a 
state in which said information amount reduction unit 
has reduced the amount of information. 

5. The encoder according to claim 4, wherein 

10 said information amount adjustment unit stepwise 

raises the spatial resolution of an image in frames 
subsequent to the plurality of frames. 

6. The encoder according to claim 1, further 
15 comprising 

a transform unit orthogonally transforming coded 
data obtained by said coding unit, wherein 

said information amount reduction unit outputs 
only data of a direct current element among data of 
20 frequency elements generated by said transform unit. 

7. The encoder according to claim 6, wherein 

said information amount adjustment unit stepwise 
extends a range of a frequency of data of an AC 
25 element to be selected and outputted among data of 
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frequency elements generated by said transform unit 
for frames subsequent to the plurality of frames. 

8. The encoder according to claim 1, wherein 

5 said information amount reduction unit down- 

samples image data for the plurality of frames. 

9. The encoder according to claim 1, further 
comprising 

10 a transform unit orthogonally transforming coded 

data obtained by said coding unit, wherein 

said information amount reduction unit down- 
samples image data, and outputs only data of a direct 
current element among data of frequency elements 

15 generated by said transform unit. 

A moving picture encoder, which divides an image 
in each frame of moving picture into a plurality of 
blocks and performs an encoding process on each block, 
20 comprising: 

a coding unit performing an intra- frame coding 
process on input data when a first signal is received, 
and adaptively performing an intra- frame coding 
process or an inter- frame coding process on input data 
25 when a second signal is received; 
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an information amount reduction unit reducing an 
amount of information about data coded by said coding 
unit when a third signal is received; and 

a controller generating the first and the third 
5 signals for a plurality of consecutive frames 
containing a first frame, and generating the second 
signal for frames subsequent to the plurality of 
frames . 

10 A moving picture encoder, which encodes image 

/ data in each frame of moving picture, comprising: 

a coding unit performing an intra- frame coding 
process or an inter- frame coding process on given 
data; and 

15 an information amount reduction unit reducing an 

amount of information about given data, wherein 

for a plurality of consecutive frames containing 
a first frame, said coding unit performs the intra- 
frame coding process, and said information amount 

20 reduction unit reduces an amount of information about 
data coded by said coding unit; and 

for frames subsequent to the plurality of frames, 
said coding unit adaptively performs the intra-frame 
coding process or the inter-frame coding process. 



25 



20 
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12/ A moving picture encoder, which divides an image 
each frame of moving picture into a plurality of 
blocks and performs a coding process on each block, 
comprising: 

a coding unit performing an intra- frame coding 
process or an inter-frame coding process on given 
data; 

an information amount reduction unit reducing an 
amount of information about given data; and 

a controller generating a signal for performing 
by said coding unit an intra- frame coding process on 
a plurality of consecutive frames containing a first 
frame, generating a signal for reducing an amount of 
information in one or more frames among the plurality 
of frames by said information amount reduction unit, 
and generating a signal for adaptively performing by 
said coding unit an intra-frame coding process or an 
inter- frame coding process on frames subsequent to the 
plurality of frames. 

1^. A moving picture encoder, which divides an image 
in each frame of moving picture into a plurality of 
blocks and performs an encoding process on each block, 
comprising: 

a coding unit performing an intra-frame coding 
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10 



15 



20 



process on input data when a first signal is received, 
and adapt ively performing an intra- frame coding 
process or an inter-frame coding process on input data 
when a second signal is received; 

an information amount reduction unit reducing an 
amount of information about data coded by said coding 
unit when a third signal is received; 

a detection unit detecting a discontinuous point 
in input moving picture; and 

a controller generating the first and the third 
signals for a plurality of consecutive frames 
containing a frame immediately after said detection 
unit detects a discontinuous point, and generating the 
second signal for frames subsequent to the plurality 
of frames. 



yL. A moving picture encoder, which encodes image 
data in each frame of moving picture, comprising: 

a coding unit performing an intra- frame coding 
process or an inter- frame coding process on given 
data; 

an information amount reduction unit reducing an 
amount of information about given data; and 

a detection unit detecting a discontinuous point 
in input moving picture, wherein 
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for a plurality of consecutive frames containing 
a frame immediately after said detection unit detects 
the discontinuous point, said coding unit performs the 
intra- frame coding process, and said information 
amount reduction unit reduces an amount of information 
about data coded by said coding unit; and 

for frames subsequent to the plurality of frames, 
said coding unit adaptively performs the intra- frame 
coding process or the inter-frame coding process. 



^/5. A moving picture encoder, which divides an image 
in each frame of moving picture into a plurality of 
blocks and performs an encoding process on each block, 
comprising: 

a coding unit performing an intra- frame coding 
process or an inter- frame coding process on given 
data; 

an information amount reduction unit reducing an 
amount of information about given data; 

a detection unit detecting a discontinuous point 
in input moving picture; and 

a controller generating a signal for performing 
by said coding unit an intra- frame coding process on 
a plurality of consecutive frames containing a frame 
immediately after said detection unit detects a 
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discontinuous point, generating a signal for reducing 
an amount of information in one or more frames among 
the plurality of frames by said information amount 
reduction unit, and generating a signal for adapt ively 
performing by said coding unit an intra- frame coding 
process or an inter-frame coding process on frames 
subsequent to the plurality of frames. 

Lo. A moving picture decoder, which decodes data 
coded by an encoder, wherein 

said encoder divides an image in each frame of 
moving picture into a plurality of blocks, performs 
an intra- frame coding process for each block on a 
plurality of consecutive frames containing a first 
frame, and adaptively performs an intra- frame coding 
process or an inter- frame coding process for each 
block on frames subsequent to the plurality of frames; 
and 

said moving picture decoder comprises: 

an error detection unit detecting a 

transmission error for each block or for a plurality 

of blocks; and 

a concealment unit concealing an error, when 

the error is detected in a first frame by said error 

detection unit, using an image in another block in the 
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first frame, and concealing an error, when the error 
is detected in a subsequent frame, using an image in 
a frame immediately before a frame in which the error 
has been detected. 

5 / 

L^. A moving picture decoder, which decodes data 
/ coded by an encoder, wherein 

said encoder divides an image in each frame of 
moving picture into a plurality of blocks, performs 

10 an intra- frame coding process for each block on N 
consecutive frames containing a first frame, and 
adaptively performs an intra- frame coding process or 
an inter-frame coding process for each block on frames 
subsequent to the N frames; and 

15 said moving picture decoder comprises: 

an error detection unit detecting a 
transmission error for each block or for a plurality 
of blocks; and 

a concealment unit concealing an error, when 

20 the error is detected in any of M frames containing 
a first frame by said error detection unit, using an 
image in another block in the frame in which the error 
has been detected, and concealing an error, when the 
error is detected in a subsequent frame, using an 

25 image in a frame immediately before the frame in which 
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the error has been detected (N and M are natural 
numbers, and N > M). 



A moving picture decoder, which decodes data 
coded by an encoder, wherein 

said encoder divides an image in each frame of 
moving picture into a plurality of blocks, performs 
an intra- frame coding process for each block on a 
plurality of consecutive frames containing a frame 
immediately after a discontinuous point is detected 
in input moving picture, and adapt ively performs an 
intra-frame coding process or an inter-frame coding 
process for each block on frames subsequent to the 
plurality of frames; and 

said moving picture decoder comprises: 

a first detection unit detecting a 
transmission error for each block or for a plurality 
of blocks; 

a second detection unit detecting a 
discontinuous point in input moving picture; and 

a concealment unit concealing an error, when 
said first detection unit detects the error in a frame 
immediately after said second detection unit detects 
a discontinuous point, using an image in another block 
in the frame in which the error has been detected, and 
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concealing an error, when the error has been detected 
in the subsequent frames, using an image in a frame 
immediately before the frame in which the error has 
been detected. 

5 

ljK A moving picture transmission system, in which 
/ an encoder divides an image in each frame of moving 
picture into a plurality of blocks and performs a 
coding process for each block, and a decoder decodes 
10 the coded data, wherein 

said encoder comprises: 

a coding unit performing an intra-frame 
coding process or an inter- frame coding process on 
given data; and 
15 an information amount reduction unit 

reducing an amount of information about given data, 
wherein 

for a plurality of consecutive frames containing 
a first frame, said coding unit performs the intra- 

20 frame coding process on each block, and said 
information amount reduction unit reduces an amount 
of information about data coded by said coding unit; 
and for frames subsequent to the plurality of frames, 
said coding unit adaptively performs the intra-frame 

25 coding process or the inter- frame coding process on 
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each block, 

said decoder comprises: 

an error detection unit detecting a 
transmission error for each block or for a plurality 
5 of blocks; and 

a concealment unit concealing an error, when 
the error is detected in a first frame by said error 
detection unit, using an image in another block in the 
first frame, and concealing an error, when the error 
10 is detected in a subsequent frame, using an image in 
a frame immediately before a frame in which the error 
has been detected. 




A moving picture coding method of dividing an 



15 Image in each frame of moving picture into a plurality 
of blocks and performing an encoding process on each 
block, comprising: 

performing an intra- frame coding process on each 
block for a plurality of consecutive frames containing 
20 a first frame; 

reducing an amount of information about the 
encoded data for the plurality of frames; and 

adaptively performing the intra- frame coding 
process or an inter- frame coding process on each block 
25 for frames subsequent to the plurality of frames. 
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A moving picture coding method of dividing an 
image in each frame of moving picture into a plurality 
of blocks and performing an encoding process on each 
5 block, comprising: 

detecting a discontinuous point in input moving 
picture; 

performing an intra-frame coding process on each 
block for a plurality of consecutive frames containing 
10 a frame immediately after the discontinuous point is 
detected; 

reducing an amount of information about the 
encoded data for the plurality of frames; and 

adaptively performing the intra-frame coding 
15 process or the inter- frame coding process on each 
block for frames subsequent to the plurality of 
frames . 

7/^. A moving picture coding/decoding method of 
20 * dividing an image in each frame of moving picture into 
a plurality of blocks, performing an encoding process 
on each block, and decoding the coded data, 
comprising: 

performing an intra-frame coding process on each 
25 block for a plurality of consecutive frames containing 
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a first frame; 

reducing an amount of information about the 
encoded data for the plurality of frames; 

adapt ively performing the intra- frame coding 
5 process or an inter- frame coding process on each block 
for frames subsequent to the plurality of frames; 

concealing an error, when the error is detected 
in the first frame, using an image in another block 
in the first frame; and 
10 concealing an error, when the error is detected 

in subsequent frames, using an image in a frame 
immediately before the frame in which the error has 
been detected. 

15 23\ A moving picture coding/decoding method of 
'dividing an image in each frame of moving picture into 
a plurality of blocks, performing an encoding process 
on each block, and decoding the coded data, 
comprising: 

20 detecting a discontinuous point in input moving 

picture; 

performing an intra- frame coding process on each 
block for a plurality of consecutive frames containing 
a frame immediately after the discontinuous point is 
25 detected; 
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reducing an amount of information about the 
encoded data for the plurality of frames; 

adapt ively performing the intra- frame coding 
process or an inter- frame coding process on each block 
5 for frames subsequent to the plurality of frames; 

generating moving picture by decoding the coded 

data; 

concealing an error, when the error is detected 
in a frame immediately after the discontinuous point 
10 is detected, using an image in another block in the 
frame in which the error has been detected; and 

concealing an error, when the error is detected 
in subsequent frames, using an image in a frame 
immediately before the frame in which the error has 
15 been detected. 

A moving picture encoder, which divides an image 
in each frame of moving picture into a plurality of 
blocks and performs an encoding process on each block, 
20 comprising: 

coding means for performing an intra-frame coding 
process or an inter- frame coding process on given 
data; and 

information amount reduction means for reducing 
25 an amount of information about given data, wherein 
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for a plurality of consecutive frames containing 
a first frame, said coding means performs the intra- 
frame coding process on each block, and said 
information amount reduction means reduces an amount 
of information about data coded by said coding means; 
and 

for frames subsequent to the plurality of frames, 
said coding means adaptively performs the intra- frame 
coding process or the inter- frame coding process on 
each block. 

2J8. A moving picture encoder, which divides an image 
in each frame of moving picture into a plurality of 
blocks and performs an encoding process on each block, 
comprising: 

coding means for performing an intra- frame coding 
process or an inter- frame coding process on given 
data; 

information amount reduction means for reducing 
an amount of information about given data; and 

detection means for detecting a discontinuous 
point in input moving picture, wherein 

for a plurality of consecutive frames containing 
a frame immediately after said detection means detects 
the discontinuous point, said coding means performs 
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the intra- frame coding process on each block, and said 
information amount reduction means reduces an amount 
of information about data coded by said coding means; 
and 

5 for frames subsequent to the plurality of frames, 

said coding means adaptively performs the intra- frame 
coding process or the inter- frame coding process on 
each block. 
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Abstract of the Disclosure 



A selection unit selects '0' for the first 
through the (N-l)th frames, and selects a predicted 
5 image for the subsequent frames. Thus, an intra- frame 
coding process is performed on the first through the 
(N-l)th frames, and an adaptive coding process is 
performed on the subsequent frames. An information 
amount reduction unit reduces the amount of 
10 information about data in the first through the ( N- 
l)th frames. An information amount adjustment unit 
stepwise increases the amount of information reduced 
by the information amount reduction unit . 
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Under 9* Paprwot* R**xXo<\ Koi of 1 80S, rto pforw 



Aftrawd for um twuoh«*Wi 'oMBoSlSS 
afarsgjnedtawagon^^ v^OMBeonfeoi number. 



Japanese Language Declaration 

(B#lSSt?«) 



ft!*, *N&*jrT3 5*1 1 9&(«)-{d)#Xtt3 6 S* 
i£LTl»SRf?tt*)*tt 3 € S (*J «c<c«r <WWffl«. X 

WIC UK * n ««F * ft. 11 XWf, &<D frMUlU «r £1 



Prior Foreign Application^ ) 

•t-WT-oasmmti 

_ J 1-1 23863 

(Numbef) 

2000^21 4 

(Number) 



Japan, 



(Country) 

Japan 



(Country) 
<«*) 



I hereby deim foreign priority under TWeW, UnKed State* Code, 
Section 11* {«!-(<$ or »«tb) o( *ty foretflo «<>f>«c*Uoo<«) (orpatem 
or Inventor's cartiSceCe, or »{{<) of any PCT international 
eppecetion which obsignated at least one country other than the 
United States, Meted below end have also identified befow, by 
chacking the bar. any foreign *ppfcc*(ioci for pater* or irrventor*c 
certificate, or f*CT International application having « King «*U 
before that of tht application on which priority Is claimed. 

Priority Not Claimed 

30th/April/1999 «***«*L 
(Day/Month/Year Filed) a 

31 st /March/ 2000 



(DayfMofith/Ysor Filed) 
OB**/! 0) 



frrKsSJa^iC CIC £ fvfcrtftf £ r C±ft ft: L * +. 



I hereby claim ttic benefit under TKfeM. United States Code. 
Section 1W(e| of any United State* provisional app«cet<on<s| Hated 



(Application No.) (Rfing Date) 

(tilWB) 

an. T««)jfeHifeWS3 siffi 2 o*(c«v^rna«* 



(Abdication No.) (Rfina Date) 

(««#*) (KHKB) 

t hereby ctoim the benefit under TKfcM. United Stefec Code. 
Section 12« of any linked SUtee appScation{<|, or 3«f <c) of any 
international eppScetiort detignatiog the UnXed Slate*, Kcted 
below and, insofar as the subject nutter of eechef thectalrnsof 
treeappScatton knotdUdosed In the prior UoKed State* orPCT 
international a^alestion In the manner provided by the first 
paragraph of Tide M, United State* Code Section 112. I 
e ct nowi o dge theokitytq Sledott information wttich l« material lo 
e>a t ew Ub W ty aa defined kiTKfeSr. Code of Federal fta y dsfto w s, 
SectkinljM whUtbecaritiavelUMe between the Wing data ofthe 
prior apoSceOon and the national er PCT tnternatior^ Sang data of 



(Apptication No.) (FidnflDatt) 



<Appttattion No.) (Fifing Date) 

(ttfftfr*) (ffiWB) 

€ttt, ti^#«Jsi*ICXT^-C*l:rttf*Ta.<«fT<C5* 
*ft«>)*¥!€:fT&jttf. tH«Lft:. XttKKIPTSivfcWIF 



(Status: Patenteo!, Peodino, Abtnrfoned) 
{9»L : ff MNFtTft. «K«P. !**!«) 



(Statue: Patented, Pendinfl. AJbanooned) 
Wl : «HFHF»T««;. (SK«P. «:*») 



t hereby declare (hat alt statements made herein of my own 
fcnewtedflc are true and that at statements made on information 
and beSef are believed to be true: and further that these 
s tat eme n t* were made vdth the tc n ovrtad g e that vriMM tatec 
statem en ts - and the Rice so made are punUhaMc by Sne or 
Imprlcowment, or both, under Section 1441 of TO* tt af the 
VnNed State* Code and that such wWtwt faUa statarnenU may 
taopardUe the validity «f the appRcation or any patent taeued 



f«ee*«<?4 



Japanese Language Declaration 

WW- eiiTC«««tiLt t *(«B(i:(Kt6-«3n power Of attorney: a* • «um«d InvtrKor, I fonty appoint 
*«J^t*nff«t«««*ttT;iefT-f6#>|-i:*«:ttrt«A *x Mfowioo; ««om«y<«J .cviAx to pros«cut« ttWt 

iLt. TJe«****^fc:L j£T\ <#fc±. -ffctift* «pp«c«Uo<i «o<i «r««*.cf. «* tx«lr»«i« In th« P*ert< tod Tr«d«m«rk 
AOEt«tttTKttff4-<r l nC*>C: t) omc« c<xv>«<:t«d th«<*wWi (U*{ n*«n r*?fitr»tto<i rxjmb*^ 

Junes D. Halsey. Jr.. 22.729; Harry John Sua*. 22.0 10: David M. Picdier. 25.908: John C. Garvcy. 28.607; J. Randall Beckers. 
30.351; William F. Herbert. 3 1 .024 ; Richard A. Gollhofer. 31.104: Mark J. Henry. 36. 162; Gene M. Garner (I. 34.172; Michael D. 

Srein. 37.240: Paul I. Kravetz. 35.230. Gerald P. Joyce. HI. 37,644; Todd E. Marlette. 35 369; Harlan B. Williams. Jr.. 34.756: 

Georce N. Stevtns. 36.938: Michael C. Soldner. 41.455; Norman L- Ourada. 4I.2J5: Kevin R. Spivak. P-43.l48;and William M. 

Schertler. J5.J48{aje«> 

lSSJi&ttlfc fr«vlCofrt«por«*«nc«lo: 

STAAS Ic HALSEY 
700 Eleventh Street, N.W. 
Suite 500 

Washington. D.C. 20001 



a:SEJC»a[«X : &>c*ct T«l«pri<J04 C*JU to: (/i«rm ttvi Ukptem ncmi.r) 





Fulname of sote or firtt Inventor 

Eishi MOPIMATSU 




QflmA/H^M~ %r. 13,2000 


mm 


Kanaqawa, Japan 




Cfttwmhlp 

Japan 




Fori Office Addres* 

c/o FUJITSU LIMITED, 1-1, Kamikodanaka 


4-chome, Nakahara-ku, Kawasaki-shi , 
Kanagawa 211-8588, Japan 




Ft* nam* of »«tooo<lJoWln*w*>r. V «oy 

Akira NAKAGAWA 




S«OQr*ln*M^««i|)n*hm Oate 

UJO^^ hjJxtxyw^ Anr. 13^_2DDQ. 




Retileoc* v 

Kanagawa, Japan 


DDff 


C*te»mhip 

Japan 




Port Office Address 

c/o FUJITSU LIMITED, 1-1 , Kamikcdanaka 


4-chome, Nakahara-ku, Kawasaki-shi, 
Kanaqawa 211-8588, Japan 




(Supply tlmlUr lnfo<m««on «vi «ij»\*(ur« for third sod t*Jb**<i<j*<« 
JoirH hw«ntor*4 



p»f« j of 4 







Full name of third joint inventor, if any 
Atsushi ICHIKI 




Bft 


Third inventor's signature Date 

QJmjJJIL SAaJL^ A P r - 13 ' 2000 






Residence 
Kanagawa, Japan 


h m 




Ci t i zenship 
Japan 


a* it 




Post Office Address 

c/o FUJITSU LIMITED, 1-1, Karnikodanaka 


4-chome, Nakahara-ku, Kawasaki-shi, 
Kanagawa 211-8588, Japan 






Full name of fourth joint inventor, if any 
Takashi ITOH 




Btt 


Fourth inventor's signature Date 

\J f , fL- Apr. 13. 2000 


ft Br 




Residence 
Kanagawa, Japan 


H S 




Ci t i zenship 
Japan 






Post Office Address 

c/o FUJITSU LIMITED, 1-1, Kamikodanaka 


4-chome f Nakahara-ku, Kawasaki-shi, 
Kanagawa 211-8588, Japan 








Full name of fifth joint inventor, if any 
Taizo AN AN 




Btt 


Fifth inventor's signature Date 

J^Uftfr {dMfJWy Apr. 13, 2000 


ft St 




Residence 
Kanagawa, Japan 


a n 




Ci tizenship 
Japan 






Post Office Address 

c/o FUJITSU LIMITED, 1-1, Kamikodanaka 


4-chome, Nakahara-ku, Kawasaki-shi, 
Kanagawa 211-8588, Japan 






Full name of sixth joint inventor, if any 




Btt 


Sixth inventor's signature Date 


ft Eff 




Residence 


H i§ Citizenship 






Post Office Address 






ci) 


(Supply similar information and signature for 
seventh and subsequent joint inventors.) 
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